Possibility of asymmetric square convection is investigated numerically using a few mode Lorenz-like model for thermal convection in Boussinesq fluids confined between stress free and conducting flat boundaries. For relatively large value of Rayleigh number, the stationary rolls become unstable and asymmetric squares appear as standing waves at the onset of secondary instability. Asymmetric squares, two dimensional rolls and again asymmetric squares with their corners shifted by half a wavelength form a stable limit cycle. 
Two dimensional stationary roll-patterns are known to be the only stable solutions at the onset of thermal convection in a thin layer of Boussinesq fluid confined between conducting boundaries [1] except in the case of fluids with vanishingly small Prandtl number [2] . The stationary convection in the form symmetric square cells are unstable [1] except in fluids of very high Prandtl number σ at very high values of Rayleigh number R [3] . Assenheimer and Steinberg [4] observed an interesting possibility of hexagonal convective cells with both up-and down-flow in the center of the cell at R approximately twice the value of critical Rayleigh number R c . The possibility of dual types of hexagonal convective cells was also established by Clever and Busse [5] . Recently, Busse and Clever [6] predicted a new possibility of stationary convection in the form of asymmetric square cells with both up-and down-flow in the center for rigid and thermally conducting horizontal boundaries.
In this work we construct and study a Lorenz-like model [7] that describes convection patterns in the form of rolls and squares, both symmetric as well as asymmetric ones, in a thin layer of Boussinesq fluid of moderate and high Prandtl numbers (σ > 2) at high values of R. The nonlinear superposition of mutually perpendicular sets of rolls of the same wave number would be called asymmetric squares when the structure (e.g., shadowgraph picture) does not possess four-fold symmetry. It happens when the intensities of the two set of rolls are different. The model allows us to study competetion between rolls and asymmetric squares. In the following we shall derive the model from hydrodynamic equations and investigate the model numerically for possible stable solutions. We then present the results and discuss them.
We consider an infinite layer of Boussinesq fluid of kinematic viscosity ν, thermal diffusitivity κ and thickness d confined between two perfectly conducting horizontal boundaries and heated underneath. Using the length scale d, the time scale
, and the temperature scale as the temperature difference ∆T between lower and upper boundaries, the non-dimensional form of hydrodynamic equations in Boussinesq approximation read
∇.v = 0 (2)
where , where α is the coefficient of thermal expansion of the fluid, g the acceleration due to gravity. The unit vector e 3 is directed vertically upward, which is assumed to be the positive direction of x 3 -axis. The boundary conditions at the stress-free conducting flat surfaces imply θ = v 3 = ∂ 33 v 3 = 0 at x 3 =0, 1. Taking curl twice of the momentum equation (Eq. 1) and using the continuity condition (Eq. 2), the equation for vertical velocity reads
where ω = ∇×v is the vorticity, and ∇ H 2 = ∂ 11 + ∂ 22 is the horizontal Laplacian.
We employ the standard Galerkin procedure to describe the convection patterns at the onset of secondary instability in relatively high Prandtl number fluids. The spatial dependence of all vertical velocity and temperature field are expanded in a Fourier series, which is compatible with the stress-free flat conducting boundaries and periodic boundary conditions in the horizontal plane. Here, we restrict ourselves to standing patterns and, hence all time-dependent fourier amplitudes will be assumed to be real. The expansions for all the fields are truncated to describe straight cylindrical rolls and patterns arising from the nonlinear superposition of mutually perpendicular set of rolls of the same wavenumber.
Perturbative fields with the same wavelength in mutually perpendicular directions are likely to occur in square containers. The vertical velocity v 3 and θ then read as
The horizontal components of the velocity field can easily be computed using the equation of continuity. Projecting Eq. (4) for v 3 and the equation for θ (Eq. 3) on above modes, we arrive at the following minimal mode Lorenz-like model
where the linear modes X = 
are, in general, wavenumber dependent, while other parameters given by k in our model for convection.
The steady two dimensional(2D) rolls parallel to x 1 -axis is given by
This makes the nonlinear modes S and T to decouple from the system. Our model then reduces to well known Lorenz model with steady solutions given by
and Z = r −1. However, these solutions become unstable at much lower values of reduced Rayleigh number r than that predicted by the original Lorenz model [7] . The lower curve in the Figure 1 shows the critical value r o of reduced Rayleigh number, at which the 2D rolls become unstable, as a function of the Prandtl number σ. The critical value r o increases with increasing σ.
The steady and perfect squares are obtained by setting X exists. This implies that the convective patterns in the form of perfect squares exist. However, they are found to be always unstable.
We study the time-dependent solutions by numerically integrating our model. We investigate the dynamics of the patterns as a function of increasing r in two ways-first by using the data from previous solution as initial conditions for a new r; and secondly by choosing randomly small values of all variables as initial conditions. We get the same result with suitably chosen initial conditions. For r o < r < r ir (see Fig. 1 ), we find oscillatory solutions. The stationary rolls become unstable and a new set of rolls perpendicular of the old one develops. The competition between these two sets of rolls leads to a time periodic sequence of rolls and patterns arising from nonlinear superposition of two sets of rolls. For r ≥ r ir , the solutions become irregular in time indicatiing more modes are required to study this regime of parameter space. by half a wavelength and 2D rolls form a limit cycle. Although the competetion between rolls and symmetric squares is known in binary mixtures [8, 9] , but time periodic sequence of asymmetric squares and two dimensional rolls in pure fluids is qualitatively new.
We now test the stability of this limit cycle by introducing the vertical vorticity in the model. We expand the vertical vorticity ω 3 as
Simultaneously, for the consistency of the model, we add a mode W11 2 in the expansion of vertical velocity v 3 , and a similar mode Θ11 2 in the expansion of temperature field θ. 
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